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compound eye of holometabolous insects like Drosophila, on
the other hand, forms exclusively during the postembryogen-
esis, while the embryonic phase produces highly specialized
larval eyes. We have begun to investigate the genetic basis
underlying the evolutionary transformation of insect visual
system development by studying eye development in grass-
hopper as model of primitive insect visual system develop-
ment. Taking advantage of a recently developed strategy for
systemic RNAi mediated gene knockdown in grasshopper
nymphs, we imitated the temporal dynamics of Drosophila
eye selector gene expression by transiently silencing the
grasshopper orthologs of eyes absent (eya) and sine oculis (so)
during nymphal development. Both regimens induced long-
term but transient arrest of postembryonic eye development
thereby mirroring the long intermission between the develop-
ment of larval and adult eyes in holometabolous insects like
Drosophila. These data unravel an inherent capacity of the eye
gene network in primitive insects to partition visual system
development into life cycle stage restricted phases. The results
also highlight the lesser studied grasshopper as critical system
to study ancestral mechanisms of stem cell facilitated
postembryonic eye development in insects.
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Drosophila pigmentation offers an excellent opportunity to
investigate the developmental basis of evolutionary change.
Pigmentation is one of the most frequently diverging traits in
animals and its dispensability for viability makes it well suited to
developmental analysis. In Drosophila, adult body color is
composed of black, brown and yellow pigments. The location
and abundance of each pigment are determined by expression of
enzymes controlling biochemical reactions in the pigment
synthesis pathway. Divergent cis-regulatory regions controlling
expression of these enzymes contribute to phenotypic differ-
ences between species. To determine whether phenotypic
changes within and between species are caused by similar
developmental mechanisms, we study pigmentation differences
betweenD. novamexicana andD. americana as well as variation
within D. americana. ebony and tan encode enzymes that
control opposite directions of a biochemical reaction in the
pigment biosynthesis pathway and appear to contribute to both
intra- and interspecific differences. Ebony expression has
diverged between species, and a genetic association between
the ebony gene and pigmentation suggests cis-regulatory
changes are responsible for divergent expression. Expression
and regulation of the tan gene are currently under investigation,
although a genetic association has already been observed.
Preliminary data indicate that the same genetic and develop-
mental mechanisms generate pigmentation differences within
and between species.
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Differential enlargement of hind (T3) legs represents one of
the hallmarks of insect evolution. Previously, we have observed
that expression of the hox gene Ultrabithorax, Ubx, is localized
only in T3 leg segments undergoing differential growth
(compared to their foreleg counterparts). Here, we use RNA
interference to elucidate further the molecular basis of hind leg
divergence in two hemimetabolous insects, milkweed bug
Oncopeltus fasciatus and the house cricket Acheta domesticus.
Our results show that in both species, Ubx is regulating
differential leg growth and determines which hind leg segments
will be enlarged. We propose that diversification of T3 legs
resulted from wide, species-specific regulatory changes in the
spatial and temporal expression of Ubx. More specifically, the
novel acquisition of Ubx expression in distinct hind leg
segments provided positional information as to which regions
of hind legs will be enlarged. At the same time, evolution of Ubx
regulation also included changes in the timing of its expression
during embryonic development. As a consequence, the degree of
leg enlargement can be directly correlated to the duration of Ubx
expression—the longer the expression, the bigger the affected
segments. This study illustrates how evolution of even complex
phenotypes, such as leg size, may be governed by selection in the
regulation of a single selector gene.
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Allometry is the scaling relationship between the size of an
organism and the size of its constituent parts. Despite its obvious
developmental and evolutionary importance, very little is known
of themechanisms that regulate allometries. Here, we look at one
particular type of allometry—that created by rearingDrosophila
under different nutritional conditions.Drosophila larvae that are
fed increasingly suboptimal diets eclose into increasingly small
adults with increasingly small body parts. Surprisingly, howev-
er, the male genitals remain approximately the same size under a
range of nutritional conditions. The genitals therefore maintain a
different allometric relationship with the body than other
ABSTRACTS / Developmental Biology 295 (2006) 414–422418
